AIM: The aim of this study is to analyze the clinical, biochemical, and microbiological characteristics of patients with acute nonemphysematous pyelonephritis in diabetics and nondiabetics from Indian subcontinent.
D
iabetes mellitus is putatively associated with an increased risk of these infections as a result of poorly controlled plasma glucose concentrations, which in turn may impair granulocyte function and cell-mediated immunity. Furthermore, the neurologic dysfunction associated with diabetic neuropathy may result in a neurogenic bladder with incomplete bladder emptying, urinary stasis, and retention. The increased likelihood of urethral instrumentation may predispose these patients to infection, as may diabetic microangiopathy, which can contribute to local ischemia and impaired host defenses. [1, 2] The new oral antidiabetic drug, sodium-glucose cotransporter-2 inhibitors, has a theoretical risk of increasing the urinary tract infection (UTI), but clinically, it has not been found to significantly increase the risk of symptomatic UTIs. Type 2 
diabetes is not
This is an open access journal, and articles are distributed under the terms of the Creative Commons AttributionNonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com only a risk factor for community-acquired UTI but also for health-care-associated UTI, [3] catheter-associated UTI, [4] and postrenal transplant-recurrent UTI. [5] UTIs are the third most common infections after lower respiratory tract infection and gastrointestinal infection. Acute pyelonephritis (APN) [6] is an infection of the renal pelvis and kidney that usually results from ascent of a bacterial pathogen up the ureters from the bladder to the kidneys. APN was defined as the presence of two of the following: (a) axillary temperature ≥ 38.3°C or chills; (b) flank pain or costovertebral angle tenderness or pain on bimanual palpation of the kidney; and (c) micturition syndrome (including two or more of the following; dysuria, frequency, suprapubic pain, or urgency), together with the presence of pyuria (a positive leukocyte esterase dipstick test result, subsequently confirmed by urinalysis with more than 10 leukocytes/ mL in urine without centrifuging or more than 5 leukocytes per high-power field in centrifuged sediment) or a positive urine culture. [6] APN in the USA has an incidence as high as 250,000 cases per year and requires 100,000 hospitalizations annually. [7] Women are affected five times more frequently than men but have a lower mortality. [7] APN develops when uropathogens, mainly Escherichia coli, ascend to the kidneys from fecal flora; rarely, it is caused by seeding of the kidneys by bacteremia. Risk factors include frequency of sexual intercourse, genetic predisposition, old age, urinary instrumentation, diabetes, and UTIs in the previous months. Renal transplantation, chronic renal failure, neutropenia, immunosuppression, congenital and acquired obstruction, neurogenic bladder, renal cyst, renal calculus, and atrophic or malfunctioning kidney are other predisposing conditions. E. coli is responsible for ≥ 80% of cases of APN. [8, 9] Incidence was highest among young women, followed by infants and the elderly. [10] There are relatively sparse data from the Indian subcontinent regarding the clinical and epidemiological characteristics of APN. Hence, we conducted this study to analyze the clinical, biochemical, and microbiological characteristics of patients with acute nonemphysematous pyelonephritis, and also, outcome data were analyzed and compared between diabetics and nondiabetics.
Materials and Methods
It was a retrospective study conducted at a tertiary care teaching hospital from Bangalore. We initiated the search for patient records from January 1, 2012, to 31 August 2016. We initiated the search from medical records using the keywords, i.e. Urinary tract Infection and Acute Pyelonephritis as the final diagnosis at discharge. Patient files which satisfied the definition of APN were first segregated. The files were then subjected to inclusion-exclusion criteria, and patients who matched the criteria were selected for the final data entry and analysis. Data analysis was carried out using SPSS ver. 20. Institutional ethical clearance was obtained for the above study.
Definitions have been depicted in Table 1 .
Inclusion and exclusion criteria are provided in Table 2 .
Results
We identified a total of 209 patients with diagnosis of acute nonemphysematous pyelonephritis. The overall cohort was subclassified into two groups, i.e. diabetic and nondiabetic. After employing the inclusionexclusion criteria, we were able to select a total of 177 patients for the study with 96 being diabetic and 81 being nondiabetic. We had to exclude 32 patients from this list for the following reasons; 23 were postrenal transplant patients, 2 were diagnosed as having chronic pyelonephritis, and 7 (1 in nondiabetic group and 6 in diabetic group) patients left the hospital with incomplete workup [ Table 3 ]. Presence of >5 polymorphonuclear leukocytes per HPF on a microscopic examination of spun urine sediment or the presence of >10 polymorphonuclear leukocytes per microliter of unspun urine [11] Leukocytosis >11,000 WBCs/mm 3 AKI Increase in serum creatinine by 50% within 7 days or increase in serum creatinine by 0.3 mg/dL within 48 h or urine volume <0.5 ml/kg/h for 6 h CKD Kidney damage for ≥3 months as defined by structural or functional abnormalities of the kidney, with or without decreased GFR or GFR <60 ml/ min/1.73 m 2 fo r≥3 months with or without kidney damage UTI=Urinary tract infections, HPF=High-power field, WBC=White blood cell, AKI=Acute kidney injury, GFR=Glomerular filtration rate, CKD=Chronic kidney disease The mean age of patients in the diabetic group (51.9 years) w a s s l i g h t l y h i g h e r t h a n t h e n o n d i a b e t i c patients (45.7 years). About 19.8% in diabetic group and 14.8% in the nondiabetic group were over 65 years. There was no sex preponderance noted in either group in our study (m: f = ~1). Fever with chills, nausea, vomiting, and constitutional symptoms such as generalized weakness and anorexia were reported with nearly equal frequency in both groups [ Table 1 ]. However, nondiabetic patients had longer duration of fever with chills before presenting to the hospital (6.38 days' mean in nondiabetics against 4.7 days' mean in diabetics). Uremic symptoms, abdominal pain, hematuria, and oliguria were also noted with the same frequency in either group. Dysuria (78.9% vs. 70.4%, P = 0.19) and increased frequency of micturition (77.9% vs. 69.1%, P = 0.187) were observed with slightly higher frequency in diabetics but were not significant statistically. The diabetic patients presented more frequently with severe symptoms such as shock (12.5% vs. 2.4%, P = 0.068) and depressed level consciousness (7.4% vs. 1.2%, P = 0.052).
The mean baseline serum creatinine estimated at the time of admission, the peak value attained during the hospital stay was only marginally higher in the diabetic group. Along with this, the diabetic cohort had a higher incidence of hypertension (n = 34 vs. 17) and recurrent UTI (11.5% vs. 5.8%) as comorbid conditions. Nearly 8.6% of the patients in the nondiabetic group were DJ=Double-J on immunosuppressive therapy with steroids due to primary glomerular disorders, which increased their risk for pyelonephritis [ Table 4 ].
All the patients in our study were subjected to blood and urine cultures. Urine culture was positive in only 43.8% in diabetics and 43.2% in nondiabetics. The microbial profile was also similar between the groups with E. coli, extended-spectrum β-lactamase, and Klebsiella being the commonly identified organisms [ Figure 1] . Majority of the blood cultures were sterile. Among the positive results, it was found that bacteremia was more frequent in diabetics when compared to nondiabetics (13.5% vs. 1.2%) [ Table 5 ].
Over 90% of patients in either group responded to treatment with either antibiotic alone or in combination with double-J (DJ) stenting [ Table 4 ]. Temporary hemodialysis was required only in 8% of patients with diabetes and 6% in nondiabetic group. While most of these patients recovered in nondiabetic group, maintenance hemodialysis was required in approximately 3% of patients with diabetes (n = 3). The residual renal function at the time of discharge declined significantly in the diabetic group, and they also had lower serum sodium levels when compared to the nondiabetics [ Table 6 ].
Discussion
APN is a form of complicated UTI and its incidence is higher in elderly population, female sex, and diabetics.
In the present study, we aimed to analyze the clinical, biochemical, and microbiological characteristics of patients with acute nonemphysematous pyelonephritis in diabetics and compare it with nondiabetic patients from Indian subcontinent. In the demographic data, we found that diabetic patients presented with acute nonemphysematous pyelonephritis at a later age (51.9 years) when compared to nondiabetics (45.7 years). This finding was similar to Kim et al., [12] where the diabetic group showed a higher median age at presentation than the nondiabetic group in community-acquired pyelonephritis. It is believed by conviction and data supporting to suggest that diabetics are at more risk of developing pyelonephritis owing to a state of immunodeficiency caused by diabetes mellitus and also the fact that glucose is a good medium for the growth of organisms. The possible explanation for this finding would be that the nondiabetic group might have had some other predisposing condition, which made them more vulnerable to this condition. This finding was contradictory to the findings of Kumar et al. [13] and Akbar, [14] where pyelonephritis was more common in females compared with male sex.
In analyzing the symptoms, we found that fever was the most common presenting symptom in both the groups. There was no significant difference in the symptomatology and their frequency between the two groups. Interestingly, it was noted that diabetic patients were presenting to the hospital earlier when compared to their nondiabetic counterparts. Average duration of the fever before coming to hospital was 6.3 days in nondiabetics when compared to 4.7 days in diabetic patients. Recurrent UTI was also more common in diabetics when compared to nondiabetic population. In spite of diabetes mellitus being a partial immunosuppressive state, patients are able to mount an inflammatory response, and the presence of fever should prompt a clinician to a serious underlying infection in diabetics. In the absence of a focus of infection, urinary tract should be evaluated for a possible source of infection.
Diabetic patients with pyelonephritis are more likely to have leukocytosis and azotemia when compared to the nondiabetic counterparts. This can partly be explained by some degree of preexisting renal dysfunction in diabetics, which itself is a risk factor for worsening renal function. This finding was highlighted in studies by Kim et al. [11] and Kumar et al. [13] The finding in our study was no different, and diabetic patients were more likely to have azotemia than nondiabetic patients.
Gil-Ruiz et al. [15] in their study on electrolyte disturbances in APN in infants showed that hyperkalemia was a consistent finding which was unresponsive to treatment. The explanation given was aldosterone resistance which might be secondary to inflammation of interstitium. In our study, there were significant electrolyte disturbances (hyponatremia [P = 0.001] and hyperkalemia [P = 0.065]) in diabetic group compared to nondiabetic group which might be due to the hyporenin state of diabetes mellitus. In our study, the presence of fever, azotemia, hyponatremia, and hyperkalemia was consistent with the diagnosis of APN.
In our study, positive urine cultures were observed in 43.8% in diabetic group and 43.2% in nondiabetic group. In a study by Foxman et al., [16] culture confirmation was available for only 2408 (59%) of 4059 individuals who received a diagnosis of pyelonephritis. In our study, E. coli was the most common organism isolated from both the groups followed by Klebsiella, Enterococcus, Staphylococcus, and Candida. This finding was similar to all previously published data.
Over 90% of patients in either group responded to treatment with either antibiotic alone or in combination with DJ stenting. Temporary hemodialysis was required in 8% of patients in the diabetic group and 6% in the nondiabetic group. Maintenance hemodialysis was required in approximately 3% of diabetic patients and none in the nondiabetic group. This again establishes the fact that preexisting renal dysfunction is a risk factor for permanent renal dysfunction following acute kidney injury.
Conclusion
In our study, the incidence of APN was found to be higher in patients in their fifth decade of life. Interestingly, hyperglycemia and gender were not significant confounding factors in the incidence of APN although diabetics had more severe infection at presentation and consequently had poorer outcomes in terms of residual renal function and need for dialysis.
Strength of the study
This is a largest South Indian study comparing diabetics and nondiabetics with APN.
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